Introduction {#S0001}
============

Obesity is one of the complex and multifaceted disorders in humans, which may lead to other complications, including diabetes and cardiovascular disease.[@CIT0001],[@CIT0002] The occurrence of obesity has increased three times compared to 1975 and projected to persist in the future.[@CIT0003] Even though obesity is known as an imbalance between energy expenditure and food intake, there are several genetic and non-genetics factors such as environmental, behavioral factors involved in obesity.[@CIT0004],[@CIT0005] Within an individual family, there can be a 40 to 70% inter-individual variability in body mass index (BMI), as a result of accredited to the involvement of genetic factors.[@CIT0006] In recent years, Genome-Wide Association Studies (GWAS) is a useful approach to detect single nucleotide polymorphisms (SNPs) and copy number variants (CNV) associated with increased BMI and obesity. From these analyses, numerous genetic variants involved in metabolic disorders were reported.[@CIT0007] There are numerous genes intricate in the energy homeostasis of the body system that contributes to the development of obesity. Recent studies showed that genomic copy number variants are the major contributors to several metabolic disorders.[@CIT0008] Copy number variants are used as an essential genetic load for several metabolic diseases.[@CIT0009],[@CIT0010] The genetic connection between *AMY1* CNV and obesity showed that low *AMY1* copy number significantly associated with high BMI.[@CIT0004],[@CIT0005],[@CIT0011]-[@CIT0013] Recently from our lab, we showed the inverse association of *AMY1* copy number and the obesity measurement in children.[@CIT0013] Falchi et al first reported the association of *AMY1* CNV and the high risk of obesity in a longitudinal study. *AMY1* gene CNV showed a positive correlation with salivary amylase gene expression as well as serum amylase levels. However, *AMY1* CNV showed a negative association with obesity measures.[@CIT0014] Despite these findings, some studies showed no association with obesity or in a reverse manner.[@CIT0015],[@CIT0016] In one study, only obese females were found to have the lowest *AMY1* copy number and exhibited a negative association.[@CIT0005]

Additionally, obesity is known to increase the risk of developing metabolic dysregulation, such as type-2 diabetes and cardiovascular diseases. Recent findings from our lab showed the obesity salivary biomarkers such as CRP, resistin, MCP-1, TNF-α, and IL-6 were found to be signiﬁcantly increased in overweight/obese children.[@CIT0017] There is a present gap in research to thoroughly understand the relationship between *AMY1* CNV and obesity-related biomarkers.[@CIT0005],[@CIT0018] This study examines the gap in the relationship between *AMY1* CNV and obesity-related biomarkers with some low-grade inflammatory markers. It is aimed to elucidate the association of obesity-related salivary biomarkers such as C-reactive protein, resistin, CCL2/MCP-1, TNF-α, IL-6, complement factor-D, and IL-10 with a gold standard measure of *AMY1* CNV by digital PCR.

Materials and Methods {#S0002}
=====================

Study Population {#S0002-S2001}
----------------

This study was designed to assess the correlation of obesity markers and a genetic marker *AMY1* copy number variation (CNV) in children's salivary samples to measure the extent of obesity within the sample of children. Auburn University Institute Review Board (IRB) approval was obtained, and written consent from all the participants and parents were obtained in accordance with Declaration of Helsinki. Briefly, the participants were recruited through social network and by posting flyers. The initial phone survey was collected from parents, and children were excluded from the study if they have a history of diabetes or cardiovascular disease. In the study group, 76 participants (40 normal weight \[NW\] and 36 overweight/obese \[OW/OB\]) joined in the study group ages between 6 and 10 years from Lee County and Macon County, Alabama. The baseline characteristics of the participants are described in our previously published article.[@CIT0017]

Measurement of Anthropometric Parameters {#S0002-S2002}
----------------------------------------

Anthropometric measurements were collected as described previously.[@CIT0017] Briefly, Children's body weight and height was measured using a Tanita digital scale attached with a stadiometer with the minimal dress, without shoes. Body mass index (BMI) was calculated from participants' weight and height \[weight in kg/height in m^2^\]. BMI *z*-score, also known as BMI standard deviation (s. d.) score, is the relative weight adjusted for child age and gender. BMI *z*-score was calculated using the World Health Organization[@CIT0003] growth reference 2017 SPSS macro,[@CIT0019] Waist circumference (WC) was measured using stretch-resistant tape, WC *z*-score, and waist circumference adjusted height ratio (WHtR) *z*-score were calculated with R macro package.[@CIT0020]

Saliva Collection {#S0002-S2003}
-----------------

The participants were asked not to have any food or any drinks for 30 min before sample collection. The saliva was collected during the daytime in the Auburn University facility. The salivary samples for obesity biomarker analysis were directly collected in sterile cryovials using a saliva collection aid (SalivaBio LLC, PA, USA). Samples were centrifuged with an rpm of 2800 at 4°C for 20 min to remove the debris and cells. Saliva samples were collected and stored at −80°C until further analysis.[@CIT0017] For analysis of *AMY1* copy number variant (CNV), the saliva samples were collected in the DNA GenoTek Saliva Collection kit (Ontario, Canada) and stored in room temperature until the DNA isolation.

Salivary Biomarkers Measurements {#S0002-S2004}
--------------------------------

Salivary obesity-related biomarkers were analyzed using the Luminex magnetics multiplex assay kit, Obesity Panel-7plex (catalog \# LOBM000, R&D systems, MN, USA) for 7 analytes: C-reactive protein, resistin, CCL2/MCP-1, TNF-α, IL-6, complement factor-D, and IL-10. The detailed protocol of these analytes measurements was described in our previous publication.[@CIT0017] Briefly, 50 µL of diluted saliva samples were incubated with 50 µL of diluted microparticle cocktail for 3 h at room temperature (RT) in plate shaker at a fixed speed. The sample and bead complex was washed with wash buffer three times using a handheld magnetic washer, incubated with a biotin-antibody complex for 1 h at RT, and washed three times with 1 x wash buffer. The complex was incubated with 50 µL diluted streptavidin-PE at RT for 1 h in the horizontal plate shaker. After incubation, the beads were washed three times, added 100 µL of wash buffer, and read within 90 min with a Bio-Plex 3D analyzer. The data was collected from the five parametric logistics (5-PL) curves and analyzed.

Digital PCR Analysis of Salivary *AMY1* CNV {#S0002-S2005}
-------------------------------------------

Isolation of DNA, and the detailed protocol for digital PCR was provided in our earlier publication.[@CIT0013] In brief, the isolation genomic DNA was carried out using the PrepIT-L2P kit (DNA GenoTek, Ontario, Canada). The saliva sample was incubated at 50°C for a minimum of 1 h and transferred to a new tube. To this, 20 µL of PrepIT-L2P was added, vortexed, incubated for 10 min in room temperature (RT), and centrifuged to remove the impurities. The DNA was precipitated by inverting and incubating with absolute alcohol and washed using 70% ethanol and diluted the pellet with TE buffer. The DNA was diluted, and quality was determined by agarose gel electrophoresis. The copy number variant of the *AMY1* gene was analyzed by digital PCR (QuantStudio 3D digital PCR) comprising of *AMY1* (FAM-labeled) and RNase P (VIC labeled), the two TaqMan assay kit. The reaction mix was prepared with 10 ng/µL DNA sample and loaded 14.5 µL into the QuantStudio 3D Digital PCR chip. The digital PCR assay was performed, and the chip was scanned in the QuantStudio 3D Digital PCR instrument. The data were acquired and analyzed using QuantStudio 3D Analysis Suite software.

Statistical Analysis {#S0002-S2006}
--------------------

The number of participants in the study group has been determined by the power analysis calculation using G-Power 3.1 software, assuming a two-sided statistical test and a significance level of 5%. With the sample size of forty and thirty-six, the assumption of a two-group *t*-test will have 80% power to detect moderate effect sizes of 0.654 as statistically significant. The two-group comparison was performed by Graph pad prism (8.0, GraphPad Software, CA, USA) for the unpaired *t*-test and the data was represented as mean ± SEM. Highly skewed obesity parameters were transformed by natural logarithm transformation before statistical analysis to achieve normality using SPSS (version 24, IBM, Armonk, NY, USA). The linear regression analysis model was designed based on the variables and levels of measurements, to create the natural log-transformed variables. Linear regression was performed between unrounded *AMY1* CNV and less skewed log-transformed obesity measures to determine the significantly associated biomarkers. Accuracy was calculated, and model accuracy was compared. The scattered plot showed the directionality and correlation of the data. The data was fit to run a regression analysis. The β-coefficient obtained was used to quantify the association of the parameters. The determined variables known to impact obesity risk were added as covariates in the multivariable linear regression model covariates include gender and age.

Results {#S0003}
=======

Difference in *AMY1* Copy Number Between NW and OW/OB Groups {#S0003-S2001}
------------------------------------------------------------

Seventy-six participants aged in the range of 6--10 years were included in the study. Based on the anthropometric measurements, participants were separated into normal weight (NW) group (n = 40) and overweight/obese (OW/OB) group (n = 36). The characteristics of the participants are shown in our previous study,[@CIT0017] The *AMY1* copy number of the participants was calculated and shown in the graph. The OW/OB participants showed a significant decrease in the mean *AMY1* copy number of 6.6 (*p* \< 0.01) with a median of 6.1 compared to NW participants with a mean of 7.9 and median of 7.98 CNV ([Figure 1A](#F0001){ref-type="fig"}). The copy numbers frequency in NW ranges from 4.0 to 16.25 and in OW/OB group from 2.95 to 10.94. The distribution of copy number frequency rounded to the nearest integer is shown in [Figure 1B](#F0001){ref-type="fig"} for NW and OW/OB group. Additionally, the median difference between the groups performed by the non-parametric Mann Whitney test showed a significant difference in *AMY1* CNV between NW and OW/OB group (*p* \< 0.05).Figure 1*AMY1* copy number and obesity. (**A**) *AMY1* copy number variation in NW and OW/OB participants salivary DNA. (**B**) The frequency graph shows the distribution of *AMY1* copy numbers (nearest whole number) in NW and OW/OB participants.

Association of *AMY1* CNV with Anthropometric Measurements and Obesity Markers {#S0003-S2002}
------------------------------------------------------------------------------

The multivariable linear regression model showed a significant negative association of *AMY1* CNV distribution and the anthropometric measurements such as BMI *z*-score (*p* \< 0.001), WC *z*-score (*p* \< 0.01), and WHtR *z*-score (*p* \< 0.01) after adjusting with age and gender of the participants ([Table 1](#T0001){ref-type="table"}). The expression of the salivary obesity-related markers of these participants measured by Magnetic Luminex performance assay was reported in our previous study.[@CIT0017] The results showed a significantly high expression of resistin, CCL2/MCP-1, TNF-α, IL-6, and CRP in the OW/OB group when compared to NW group participants. However, the expression of IL-10 and complement factor D (CFD) did not show any significant difference in OW/OB compared to the NW group.[@CIT0017] In this study, these obesity-related biomarkers were correlated with *AMY1* CNV with an adjusted model. The adjusted multivariable linear regression model showed significant association for CRP (*p* \< 0.05), resistin (*p* \< 0.05), CCL-2/MCP-1 (*p* \< 0.01) and IL-10 (*p* \< 0.05). There was no significant association of TNF-α, IL-6, and complement factor D/Adipsin with *AMY1* CNV, as shown in [Table 1](#T0001){ref-type="table"}.Table 1Multivariable Linear Regression Models for the Associations Between Anthropometric Measures, Obesity Markers and *AMY1* CNV Adjusted with Age and GenderDependent VariableAdjusted for Age and Genderβ (95% CI)R^2^t-Statisticsp valueBMI *z*-score−0.427 (−1.111, −0.369)0.182−3.978***p*\<0.001**WC *z*-score−0.360 (−1.736, −0.418)0.130−3.256***p*\<0.01**WHtR *z*-score−0.291 (−1.438, −0.173)0.084−2.539***p*\<0.01**CRP−0.239 (−0.683, −0.012)0.058−2.066***p*\<0.05**Resistin−0.250 (−1.008, −0.040)0.063−2.159***p*\<0.05**CCL2/MCP-1−0.302 (−0.991, −0.145)0.093−2.675***p*\<0.01**TNF-α−0.086 (−0.440, 0.204)0.010−0.729NSIL-6−0.181 (−0.545, 0.079)0.034−1.493NSCFD/Adipsin0.030 (−0.624, 0.802)0.0030.249NSIL-100.267 (0.046, 0.676)0.0722.285***p*\<0.05**[^1]

In addition, linear regression analysis showed a significant negative association of *AMY1* CNV with CRP (β = −0.238; *p* \< 0.05), resistin (β = −0.250; *p* \< 0.05), and CCL2/MCP-1 (β = −0.304; *p* \< 0.01). IL-10, an anti-inflammatory cytokine, showed a positive correlation with *AMY1* copy number (β = 0.268; *p* \< 0.05) as shown in [Figure 2](#F0002){ref-type="fig"}. *AMY1* copy number is not significantly associated with TNF-α, IL-6, and complement factor D/Adipsin. Even though the linear regression analysis of CRP, resistin, CCL2/MCP, and IL-10 showed a significant association, the scattered plot shows the weak association with *AMY1* CNV.Figure 2Association of *AMY1* copy number with obesity salivary markers CRP, resistin, MCP-1, TNFα, IL-6, Complement factor D and IL-10.**Abbreviation:** NS, not significant.

Discussion {#S0004}
==========

The main focus of this study is to determine the association of *AMY1* CNV and obesity-related biomarkers in saliva samples from normal weight and overweight/obese children. Our results of obesity measures and *AMY1* CNV correlate with several cross-sectional studies that showed a negative relationship between BMI and *AMY1* CNV.[@CIT0012],[@CIT0014],[@CIT0018],[@CIT0021] Obesity is known to increase the chances of developing metabolic syndromes, such as insulin resistance, type 2 diabetes and cardiovascular diseases.

In our previous findings, we showed that the concentration of salivary biomarkers such as CRP, resistin, MCP-1, TNF-α, and IL-6 was signiﬁcantly increased in overweight/obese children compared to normal weight.[@CIT0017] In this study, we found that *AMY1* CNVs were negatively associated with the obesity-related biomarkers CRP, resistin, and CCL2/MCP-1. CRP is a low-grade inflammatory marker, and an increased level is a risk for developing cardiovascular complications.[@CIT0022]--[@CIT0024] Resistin levels are shown to increase in insulin resistance, type 2 diabetes, and cardiovascular disease,[@CIT0025]--[@CIT0031] MCP-1 levels have found to be associated in obese participants with metabolic syndrome.[@CIT0032]--[@CIT0034] The release of interleukins and other inflammatory markers enhances the negative effect of obesity by infiltrating adipose tissues.[@CIT0024] *AMY1* is expressed in adipose tissue,[@CIT0014] and the expression/CNV or activity of *AMY1* may affect cytokines and adipokines in adipocytes or immune cells. Furthermore, resistin and MCP-1 are reported to systemically regulate glucose or lipid metabolism,[@CIT0035] and this may be due to the impact of *AMY1* CNV on these metabolisms. Previous studies show the association between *AMY1* CNV and glycemic outcomes as well as higher LDL.[@CIT0018],[@CIT0036] A recent study demonstrates the low copy number of salivary *AMY1* gene is related to the metabolic changes of lipid-based energy production and plays a role in a glucose update.[@CIT0037]

Recently Marquina et al found that adults with *AMY1* CNV less than four had increased serum levels of LDL-cholesterol, IL-6, IL-1β, TNF-α, and MCP-1.[@CIT0018] These results suggested that overweight or obese adults with low *AMY1* CNVs have increased risk of inflammation and cardiovascular disease.[@CIT0018] In a cohort study, low *AMY1* CNVs found to be correlated with insulin resistance in Korean men. In addition, the *AMY1* CNV was negatively associated with homeostatic model assessment--insulin resistance (HOMA‐IR).[@CIT0036]

The critical finding of this study is that overweight/obese participants with lower *AMY1* CNV had a higher level of salivary low-grade inflammatory markers CRP and MCP-1 with a decreasing trend in IL-6 and TNF-α. The adipocyte-specific obesity marker resistin showed a negative association with *AMY1* CNV, however, the anti-inflammatory IL-10 had a positive association with *AMY1* CNV. There was a similar kind of association obtained when adjusted with age and gender. The advantage of this study was that both *AMY1* CNVs and obesity-related biomarkers were analyzed in non-invasive saliva samples of elementary school-aged children. These findings will help to detect early in children the risk factors to develop metabolic syndrome. Only a few studies have reported the association between obesity, chronic low inflammatory markers, dyslipidemia, and cardiometabolic risk factors. More studies are warranted to confirm this relationship with *AMY1* CNV.

The limitations of the present work are this needs to be confirmed with a large number of participants, whether *AMY1* CNV can be used as a genetic biomarker for obesity-related problems. This is a secondary analysis of our previous studies, and the participant size is small. The current study is known as secondary analysis due to difference in the research questions raised, analytic method, and conclusion from our previous studies. The participants used in this study are not consuming any medication or any other disease conditions. In conclusion, our result advocates that OW/OB participants with low *AMY1* copy number showed higher obesity markers and low-grade inflammatory markers in saliva. Further research is required for the extrapolation of the *AMY1* gene CNV with obesity and inflammation.
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[^1]: **Note:** Statistically significant factors were represented in bold.

    **Abbreviations:** β, beta co-efficient; BMI, body mass index; WC, waist circumference; WHtR, waist-to-height ratio; CRP, C-reactive protein; CCL2/MCP-1, chemokine (C-C motif) ligand 2/monocyte chemoattractant protein 1; TNF-α, tumor necrosis factor, α; IL-6, interleukin-6; CFD, complement factor D; IL-10, interleukin 10; NS, not significant.
